INTRODUCTION
In the past two decades, fetal surgery has emerged as a promising field where early prenatal intervention for lethal anomalies can improve or correct abnormal development. Both open and fetoscopic techniques require the surgeon to traverse the myometrium and the uterine membranes. These inner membranes, which normally fuse after 14 weeks of pregnancy, are critical in maintaining the integrity of the amniotic cavity. Following fetal intervention, the close attachment of these membranes can be disrupted, resulting in a condition referred to as chorioamniotic membrane separation (CMS). Previous reports have found this condition to be associated with the formation of amniotic bands, umbilical cord strangulation, and fetal demise. 1, 2 In 1997, the incidence of this abnormality was reported as 12% following fetal surgery, 1 nearly equivalent to the 10% rate noted after amniocentesis. 2 As the volume of fetal surgical interventions has been increasing rapidly, we have anecdotally noted an increased incidence of CMS. Due to the potential adverse sequelae from CMS, we retrospectively reviewed all fetal surgeries performed in the last decade at the University of California San Francisco (UCSF) to determine the true incidence of CMS and the outcome of fetuses given this diagnosis.
MATERIALS AND METHODS
Between August 1990 and September 2000, a retrospective chart review of the last 123 fetal operations at the UCSF Fetal Treatment Center was performed. Seventeen fetuses that died at the time of operation or within 24 hours were excluded. In addition, 31 cases prior to 1996 were eliminated from the analysis because CMS was not accurately diagnosed prior to 1996 and the ultrasonographic examinations were no longer available. As a result, the analysis was limited to cases after 1996 -a total of 75 cases. The analysis consisted of examination of all UCSF and Fetal Treatment Center hospital charts and records. Variables analyzed included preoperative, operative, and outcome data. All postoperative ultrasounds were evaluated by a single ultrasonographer examining for the amount of amniotic fluid and the presence and degree of CMS. Membrane separation was defined as partial, complete, or shredded.
For open cases, the uterus was opened with a hysterotomy utilizing a specially designed uterine stapler (US Surgical, Norwalk, CT). Fetoscopic cases involved placement of radially expanding trocars (Innerdyne, Sunnyvale, CA) using a diamond-tipped introducer sheath. For open operations, the closure consisted of monofilament long-acting absorbable suture for the membranes
OBJECTIVE:
As the volume of fetal surgery cases has steadily increased, an increasing incidence of chorioamniotic membrane separation ( CMS ) has been noted. Due to the potential adverse consequences from this abnormality, we reviewed the last decade of experience with fetal intervention at our institution and examined the incidence and outcomes of fetuses given this diagnosis.
STUDY DESIGN:
A retrospective chart review of 75 fetal surgery cases at our institution was performed. Variables analyzed included preoperative, operative, and outcome data. Postoperative ultrasounds were evaluated for the presence of CMS.
RESULTS:
Excluding operative deaths, the incidence of CMS was 47%. There were significant differences ( p < 0.05 ) in time to delivery ( 7 vs 5 weeks ), cases using a perfusion pump ( 80% vs 60% ), and number of trocars ( 2.13 vs 1.54 ) in cases of CMS versus those without. Ultrasounds showed normal to high levels of amniotic fluid in 97% of cases. There was an increased incidence of premature rupture of membranes ( 63% vs 45% ), preterm labor ( 57% vs 38% ), and chorioamnionitis ( 29% vs 15% ) with CMS, but no difference in mortality rate.
CONCLUSION:
CMS is a frequent finding following fetal surgery. It is associated with significant morbidity but is manageable with close follow -up in a hospital setting. Following fetal surgery, the finding of CMS can be a lifethreatening complication that warrants further study to understand its etiology and prevention. 
RESULTS
Dividing the distribution into quartiles revealed that prior to 1996, the diagnosis of CMS was only made in 5 of 31 cases whereas after that, the diagnosis was consistently made at a much higher rate. Of the 75 fetal interventions after 1996, 35 of the patients developed CMS for an incidence of 47%. The fetal operations were mostly confined to six main disease categories (see Table 1 ). The majority of cases consisted of repair of congenital diaphragmatic hernia (CDH). Intervention for diseases of monochorionic twins (twin-twin transfusion syndrome, discordant anomalies, and acardiac/acephalic fetuses), myelomeningocele, congenital cystic adenomatoid malformation (CCAM), and sacrococcygeal teratoma was less frequent. Statistically significant differences existed for the number of cases of CMS in the CDH and CCAM categories with an increased incidence of CMS associated with CDH and a decreased incidence with CCAM. Preoperative data including maternal age, gestational history, and previous uterine operations were not statistically significant between the two groups of mothers with and without CMS. There was a statistically significant increase in the incidence of CMS following operations requiring a fluid perfusion pump (used for cases of CDH and twin-twin transfusion syndrome) and operations with increased numbers of endoscopically placed trocars (see Table 2 ). The average time to delivery without CMS was 7 weeks, whereas with CMS it was only 5 weeks. The diagnosis of CMS was, on average, made 1.5 weeks following fetal surgery. Seventeen of 35 mothers with CMS required rehospitalization for monitoring once the diagnosis of CMS was made.
Evaluation of ultrasounds found no difference in outcome based on degree of membrane separation (partial, complete, or shredded) or the time of diagnosis of membrane separation after surgery. However, the level of amniotic fluid was normal, high-normal, or polyhydramniotic in 34 of 35 (97%) of cases. In only one patient was low-normal fluid found and there were no cases of oligohydramnios.
There was no difference in length of stay, birth weight, or mortality between the two groups. However, rates of premature 
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Chorioamniotic Membrane Separation rupture of membranes, preterm labor, and chorioamnionitis were significantly elevated in mothers with CMS (see Table 3 ).
DISCUSSION
CMS is a condition characterized by separation of the chorion and amnion usually following traumatic entry into the amniotic cavity. The incidence of CMS diagnosed by prenatal ultrasound has been reported as ranging from 1:187 to 1:4333. 3 -5 In these otherwise normal pregnancies, it is considered a benign finding. Historically, the incidence rises to 10% following amniocentesis 2 and 12.5% following fetal surgery.
1 Adverse sequelae are more common when the diagnosis is made in these two instances. In 25 cases of CMS documented by ultrasound or at delivery following amniocentesis or fetal surgery, 11 cases resulted in premature delivery and five in fetal demise, two of these having documented umbilical cord strangulation from amniotic entanglement. 2 Following fetal surgery, 5 of 40 patients were found to have the diagnosis of CMS on sonograms, three of whom had umbilical cord compromise, resulting in one fetal death. 1 Whereas these studies highlighted the risk of CMS, they were anecdotal, did not identify risk factors for the development of CMS, and failed to evaluate outcome data.
In the present series, the incidence of CMS following fetal surgery is much higher than previously reported. It occurred following 47% of the fetal surgery cases in contrast to 12.5% in the previously reported series.
1 This higher percentage may underestimate the actual rate because serial sonographic evaluations were not possible in all patients because some patients had infrequent ultrasounds or examinations at other hospitals.
The finding of CMS is made when a fine mobile linear echo is seen separated from the uterus and chorion by a lucent space (Figure 1 ). The separated membrane may surround the fetus for a variable distance, even extending over the fetal surface of the placenta. 4 Careful sonographic evaluation is needed to differentiate CMS from other intrauterine membrane pathology including retrochorionic hemorrhage, normal unfused membranes, the pseudosac of pregnancy, subchorionic placental lucency, multigestation pregnancies, amniotic sheets (uterine synechiae), and amniotic bands. 5 Although there is no formal grading system for CMS, ultrasonographic evaluation identifies a variety of degrees of separation. The membranes may be partially separated at one site (partial or focal), they may be completely separated to the insertion of the amnion on the umbilical cord (complete or circumferential), or they may be shredded and completely lose integrity resulting in an extraamniotic pregnancy and a single protective chorionic layer. In one prior report examining CMS following amniocentesis, the most severe cases of CMS (complete separation) were associated with the most significant morbidity and mortality. 2 The etiology of the membrane separation is unknown, but previous hypotheses most often describe mechanical forces (i.e., maternal trauma or amniocentesis) or excess tension (polyhydramnios) as the cause. 6 In this series, both of these theories are relevant with nearly all the diagnoses made in the presence of highnormal fluid or polyhydramnios in a postoperative setting. Regarding the high-normal fluid, two explanations are most likely: (1) the diagnosis can only be made when sufficient fluid is present to distinguish between the chorion and amnion, a condition not present with oligohydramnios; and (2) polyhydramnios or excess tension is a key component in the etiology of CMS. When uterine pressures falls below baseline uterine pressure (8 cm H 2 O pressure) as in oligohydramnios, there may not be enough pressure to separate the membranes, whereas in cases of polyhydramnios, the extra water pressure is more likely to dissect through the membranes. Polyhydramnios or acute change in the amount of fluid during a fetal surgery may vary the intraluminal centrifugal pressure that the amniotic fluid exerts on the surrounding amnion, thereby allowing the amnion to separate from the chorion. Given, however, that the average interval from the time of surgery to the diagnosis of CMS was 1.5 weeks, alterations in fetal homeostatic mechanisms may also play a role in the increasing incidence of CMS. This is particularly true in the cases of CDH where fetal tracheal occlusion may affect the amount of fluid present in the amniotic cavity. Other factors such as hormonal or cardiovascular alterations, urine production, and medications may also be worthy of further investigation.
The presence of polyhydramnios is particularly relevant because fetal surgery mandates division of the chorioamniotic membranes (mechanical injury) to gain access to the fetus. The trauma to the uterus needed to accomplish this likely affects all parts of the uterus. However, the amnion, the only avascular acellular layer present in the uterus, may be most affected by this. Whereas the incision provides the nidus for fluid to dissect between the membranes, the inherent properties of the amnion make it more likely to remain apart. Both due to its great degree of flexibility and poor vascularity, once separated from the chorion, it will likely remain so. 7 Whereas attempts have been made to close the membranes during fetal interventions, no technique has been successful in preventing CMS. Moreover, during these attempts, tethering the membranes with sutures to the myometrium increased the likelihood of amniotic shredding. 1 Whereas CMS can occur following any type of procedure, there is an increased incidence in CDH patients and a decreased incidence with CCAM. This disparity may point to key factors involved in the etiology of CMS. After 1996, fetal intervention for CDH began to utilize fetoscopic techniques to occlude the trachea of the fetus. 8 To accomplish this, a warmed perfusion system that could maintain visualization in the fluid-filled amniotic cavity was designed. Large volumes of fluid were exchanged, markedly distending the uterus and amniotic cavity. During these periods, the fluid likely dissected between the amnion and chorion at the point of trocar entry, a point of little resistance with only a basement membrane attaching the two layers. 7 Moreover, at the end of endoscopic interventions, the amniotic cavity was frequently refilled to supranormal levels, making the tension exerted on the membranes even greater. In addition, membranes in endoscopic cases were not closed separately, resulting in open defects at the completion of cases. As a consequence of these actions, endoscopic cases were more likely to result in CMS. Examination of the results in this study supports this hypothesis, demonstrating that cases associated with the pump exchanger, multiple trocars, and higher flows (nearly significant, p<0.08) were associated with increasing rates of CMS. In contrast, cases of CCAM had low rates of CMS likely due to consistent open repair (little tension is exerted on the chorioamniotic junction with a hysterotomy) and separate closure of the membranes. Based on the above findings, significant modifications have recently been made in the technique of CDH repair. The amniotic cavity is kept normovolemic with frequent sonographic monitoring, fluid is perfused at very low pressures, and fluid is emptied at the completion of the case to leave the amniotic cavity in a low-normal state.
In this study, no correlation was found between the degree of membrane separation and the outcome of the fetus. The extra care provided to mothers following the identification of CMS may explain this lack of association. In one of the first cases of CMS in this series, membrane separation was considered a benign entity and, as a result, the mother was treated as an outpatient. Two weeks later, fetal demise occurred due to umbilical cord strangulation by the disrupted amnion. Based on this result, the approach to the mother with CMS drastically changed. Aggressive treatment with mandatory hospitalization became standard. Patients in the hospital were closely monitored with bedrest, fetal heart rate monitoring, and serial ultrasounds. Whereas this protocol may be excessive and not based on support in the literature, given our experience with these early cases of CMS, it was felt to be appropriate. 1 At the earliest sign of fetal distress, an emergent Caesarean section would be performed to deliver the fetus. Outpatients found to have CMS would be admitted to the hospital for the same care. Given this high degree of scrutiny, three patterns of progression of CMS were identified: (1) rarely, the membranes resealed (common after amniocentesis but rare after fetal surgery); (2) the membranes remained separated without progression; or (3) the separation extended to become complete and eventually shredded or ruptured, leading to an extraamniotic pregnancy. Only when serial ultrasounds revealed no progression of the condition after 1 week would patients be allowed to leave the hospital.
Whereas CMS appears not to affect mortality in the present analysis, it does increase the rate of premature rupture of membranes, preterm labor, and chorioamnionitis. Separation of the chorion from the amnion may serve as a mechanical irritant to increase rates of preterm labor and membrane rupture and disruption may lead to a release of chemical mediators that lead to similar consequences. Moreover, with disruption of one of the protective layers of the amniotic cavity, there is a greater propensity for infection in the form of chorioamnionitis. Each of these factors may independently affect the time to birth from fetal surgery with patients with CMS. Mortality rates may be similar for several reasons: (1) improvements in neonatal care have reduced mortality for premature infants to a point where given the small number of cases in the series, statistical significance is difficult to delineate; (2) in the past 4 years, patients are all hospitalized with new-onset CMS and kept in the hospital with close monitoring until stability is achieved; and (3) indications for delivery in patients with CMS have been broadened, resulting in a lower incidence of fetal demise.
In contrast to a normal pregnancy where it is a benign condition, CMS can be a harbinger of poor outcome following fetal surgery. Membrane separation can lead to higher rates of membrane rupture, infection, and preterm labor. Hospitalization for close monitoring is necessary to avoid risks of cord compromise or fetal demise. Serial ultrasounds are required to monitor the progression of CMS, and delivery is indicated at the first sign of fetal distress. Using this algorithm, CMS can be managed to be a morbid, rather than mortal, condition, and a good outcome can be obtained. Nevertheless, CMS following fetal surgery may be a potentially lethal finding that warrants further study to understand its etiology and prevention.
